Based on the idea that different temperatures generate different conduction electron densities and the resulting carrier diffusion generates the thermal electromotive force (emf), a new formula for the Seebeck coefficient (thermopower) S is obtained: 
Below 20 K the curves follow the logarithmic be-havior:
The data are shown for three samples with different doping levels: A, B and C. If a system of free electrons with a uniform distribution of impurities is considered, then the Seebeck coefficient, also called the thermoelectric power, S is temperature-independent which will be shown in Section 2. Hence the T-behavior in both Equations (1) and (2) are unusual. If the Cooper pairs (pairons) [3] are charge carriers and other conditions are met, then both Equations (1) and (2) are explained microscopically, which is shown in the present work.
The extended data up to 300 K obtained by Kang et al. [2] are shown in Figure 2 , after Ref. [2] , Figure 1 . In the upper panel the S of MWNT is shown, indicating a clear suppression of S from linearity below 20 K at the lowerright inset. In the lower panel, the Seebeck coefficient S of highly oriented pyrolytic graphite (HOPG), single crystal, is shown. This S is negative ("electron"-like) at low temperatures and become positive ("hole"-like) and constant above 150 K:
The "electron" ("hole") is a quasi-electron which has an energy higher (lower) than the Fermi energy and which circulates counterclockwise (clockwise) viewed from the tip of the applied magnetic field vector. "Elec- trons" ("holes") are excited on the positive (negative) side of the Fermi surface with the convention that the positive normal vector at the surface points in the energyincreasing direction. Graphite is composed of ABABtype graphene layers. The different T-behaviors for graphite (3D) and MWNT (2D) should arise from the different carriers. We will show that the majority carriers in graphene and graphite are "electrons" while the majority carriers in MWNT are "holes" based on the Cartesian unit cell model, which is shown in Sections 4 and 5. In this paper, conduction electrons are denoted by quotation marked "electrons" ("holes") whereas generic electrons are denoted without quotation marks.
Theory of the Seebeck Coefficient in a Metal
When a metallic bar is subjected to a voltage (V) or temperature (T) difference, an electric current is generated. 
Observed Seebeck coefficients in metals at room temperature are of the order of microvolts per degree (see Figure 3) , a factor of 10 smaller than classical . If we introduce the Fermi-statistically computed heat capacity [5] 
where F F T  is the Fermi energy (temperature), in Equation (7), we then obtain semi quantum
This formula for S is often quoted in materials handbook [4] . Formula (10) remedies the difficulty with respect to the magnitude. But the correct theory must explain the two possible signs of S besides the magnitude.
We assume that the carriers are conduction electrons ("electron", "hole") with charge (  for "electron", for "hole") and effective mass . Assuming a one-component system, the Drude conductivity  is given by
where is the carrier density and  the mean free time. We observe from Equation (11) that  is always positive irrespective of whether or
where  is the chemical potential whose value at 0 K equals the Fermi energy F  . The voltage difference , with being the sample length, generates the chemical potential difference
, the change in f, and consequently, the electric current. Similarly, the temperature difference generates the change in f and the current. We assume a high Fermi degeneracy:
Consider first the case of "electrons". The number of thermally excited "electrons", ln 1 e ln 2 , , where n N    is the sample volume, is higher at the high-temperature end, and the particle current runs from the high-to the lowtemperature end. This means that the electric current runs towards (away from) the high-temperature end in an "electron" ("hole")-rich material. After using Equations (1) and (14), we obtain 0 for "electrons", 0 for "holes".
S S
The Seebeck current arises from the thermal diffusion. We assume Fick's law:
where D is the diffusion constant, which is computed from the kinetic-theoretical formula:
where is the dimension. The density gradient d n  can be understood by examining the current-carrying steady state in Figure 6 (b). The electric field  is generated by the temperature gradient , and is given by E displaces the electron distribution by a small amount
from the equilibrium distribution in Figure  6(a) .
where Equation (14) is used. Using the last three equations and Equation (11), we obtain
Using Equations (11), (13) and (19), we obtain 0 1 .
The mean free time  cancels out from numerator and denominator.
The derivation of our formula [Equation (20)] for the Seebeck coefficient S was based on the idea that the Seebeck emf arises from the thermal diffusion. We used the high Fermi degeneracy condition (13) . Formula for obtained by Ashcroft and Mermin (Equation (13.62) in Ref. [5] ), can be positive or negative but is hard to apply in practice. In contrast our formula (20) can be applied straightforwardly. Besides our formula for a one-carrier system is -independent, while the AM formula is linear in .
Formula (20) is remarkably similar to the standard formula for the Hall coefficient of a one-component system:
Both Seebeck and Hall coefficients are inversely proportional to charge , and hence, they give important information about the carrier charge sign. In fact the measurement of the S of a semiconductor can be used to see if the conductor is n-type or p-type (with no magnetic measurements). If only one kind of carrier exists in a conductor, then the Seebeck and Hall coefficients must have the same sign as observed in alkali metals.
Let us consider the electric current caused by a voltage difference. The current is generated by the electric force that acts on all electrons. The electron's response depends on its mass . The density dependence of Since all the conduction electron are displaced, the conductivity  depends on the particle density . The Seebeck current is caused by the density difference in the thermally excited electrons near the Fermi surface, and hence, the thermal diffusion coefficient For a single-carrier metal such as sodiuml (Na) which forms a body-centered-cubic (bcc) lattice, where only "electrons" exist, both H R and S are negative. The Einstein relation between the conductivity  and the dif-
 Using Equations (11) and (17), we obtain 
Simple Applications
We consider two-carrier metals (noble metals). Noble metals including copper (Cu), silver (Ag) and gold (Au) form face-centered cubic (fcc) lattices. Each metal contains "electrons" and "holes". The Seebeck coefficient S for these metals are shown in Figure 3 . The S is positive for all:
indicating that the major carriers are "holes". The Hall coefficient H R 0 for Cu, Al, Ag H R is known to be negative: R . This complication was explained by Fujita, Ho and Okamura [6] based on the Fermi surfaces having "necks" (see Figure  7) . The curvatures along the axes of each neck are positive, and hence, the Fermi surface is "hole"-generating. Experiments [7] [8] [9] indicate that the minimum neck area from the electron-phonon scattering do not cancel out from numerator and denominator. Conversely, if the Einstein relation holds for a metal, the spherical Fermi surface approximation with a single effective mass  is valid.
Graphene and Carbon Nanotubes
Graphite and diamond are both made of carbons. They have different lattice structures and different properties. Diamond is brilliant and it is an insulator while graphite is black and is a good conductor. In 1991 Iijima [10] discovered carbon nanotubes in the soot created in an electric discharge between two carbon electrodes. These nanotubes ranging 4 to 30 nanometers (nm) in diameter are found to have helical multi-walled structure. The tube length is about one micron (μm). Single-wall nanotubes (SWNT) were fabricated first by Iijima and Ichihashi [11] and by Bethune et al. [12] in 1993. The tube size is about one nanometer in diameter and a few microns in length.
The scroll-type tube is called the multi-walled carbon nanotube (MWNT). The tube size is about ten nanometers in diameter and a few microns (μ) in length. Unrolled carbon sheet are called graphene, which has a honeycomb lattice structure as shown in Figure 8 . We consider a graphene which forms a two-dimensional (2D) honeycomb lattice. The normal carriers in the electrical charge transport are "electrons" and "holes". Following Ashcroft and Mermin [5] , we assume the semiclassical (wave packet) model of a conduction electron. It is necessary to introduce a -vector: k
since the -vector is involved in the semiclassical equation of motion: where E and are the electric and magnetic fields, respectively. The vector
is the particle velocity, where  is the particle energy.
For some crystals such as simple cubic, face-centered cubic, body-centered-cubic, tetragonal, and orthorhombic crystals, the choice of the orthogonal  
, , x y z   e e   -axes and the unit cells are obvious. The 2D crystals such as graphene can also be treated similarly, only the z-component being dropped. We will show that graphene has "electrons" and "holes" based on the rectangular unit cell model.
We assume that the "electron" ("hole") wave packet has the charge and a size of a unit carbon hexagon, generated above (below) the Fermi energy F  .
We will show that (a) the "electron" and "hole" have different charge distributions and different effective masses, (b) that the "electrons" and "holes" are thermaly activated with different energy gaps   1 2 ,   , and (c) that the "electrons" and "holes" move in different easy channels in which they travel.
The positively-charged "hole" tends to stay away from positive ions C + , and hence its charge is concentrated at the center of the hexagon. The negatively charged electron tends to stay close to the C + hexagon and its charge is concentrated near the C + hexagon. In our model, the "electron" and "hole" both have sizes and charge distributions, and they are not point particles. Hence, their masses 1 and 2 must be different from the gravitational mass m = 9.11 × 10 −28 g. Because of the different internal charge distributions, the "electrons" and "holes" have the different effective masses 1 and 2 . The 
There is no angle   dependence. The number  3 2 re r by presents the fact that the current density is highe this factor for a honeycomb lattice than for the square lattice. The "holes" run in three easy channels     100 100 , 010  and   001 . (We note that the channel directions are se by parated 2π 3 .) The total currents run isotropically for the "holes",
We have seen that the "electron" too. and "hole" have different internal charge distributions and therefore have different effective masses. Which carriers are easier to be activated or excited? The "electron" is near the positive ions and the "hole" is farther away from the ions. Hence, the gain in the Coulomb interaction is greater for the "electron". That is, the "electrons" are more easily activated (or excited). The "electrons" move in the welcoming potential-well channels while the "holes" do not.
This fact also leads to the smaller activation energy for the "electrons". We may represent the activation energy 
From this we conclude that "electr ated electron densities are then gi ons" are the majority carriers in graphene. The same holds in graphite, which is shown in Appendix.
The thermally activ ven by [13]   e 
where 1 j  and 2 represent the "e n T lectron" and "hole", respectively. The prefactor j n is the density at the high temperature limit.
Conduction in Multi-Walled Carbon
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Nanotubes
WNTs are open contain an irrational number of carbon hexagons. Then, the electrical conduction of MWNT is similar to that of metallic SWNT [14] .
Phonons are excited ll as the conduction electrons in the carbon wall. The phonon exchange interaction bounds Cooper pairs, also called pairons [3] .
The conductivity  based on the pairon carrier mo- 
